Background: Principal component analysis (PCA) is a widely used exploratory method in epidemiology to derive dietary patterns from habitual diet. Such dietary patterns seem to originate from intakes on multiple days and eating occasions. Therefore, analyzing food intake of study populations with different levels of food consumption can provide additional insights as to how habitual dietary patterns are formed. Objective: We analyzed the food intake data of German adults in terms of the relations among food groups from three 24-h dietary recalls (24hDRs) on the habitual, single-day, and main-meal levels, and investigated the contribution of each level to the formation of PCA-derived habitual dietary patterns. Design: Three 24hDRs were collected in 2010-2012 from 816 adults for an European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam subcohort study. We identified PCAderived habitual dietary patterns and compared cross-sectional food consumption data in terms of correlation (Spearman), consistency (intraclass correlation coefficient), and frequency of consumption across all days and main meals. Contribution to the formation of the dietary patterns was obtained through Spearman correlation of the dietary pattern scores. Results: Among the meals, breakfast appeared to be the most consistent eating occasion within individuals. Dinner showed the strongest correlations with "Prudent" (Spearman correlation = 0.60), "Western" (Spearman correlation = 0.59), and "Traditional" (Spearman correlation = 0.60) dietary patterns identified on the habitual level, and lunch showed the strongest correlations with the "Cereals and legumes" (Spearman correlation = 0.60) habitual dietary pattern. Conclusions: Higher meal consistency was related to lower contributions to the formation of PCA-derived habitual dietary patterns. Absolute amounts of food consumption did not strongly conform to the habitual dietary patterns by meals, suggesting that these patterns are formed by complex combinations of variable food consumption across meals. Dinner showed the highest contribution to the formation of habitual dietary patterns. This study provided information about how PCA-derived dietary patterns are formed and how they could be influenced.
INTRODUCTION
The consumption of foods is highly intercorrelated and it is therefore difficult to study and interpret the effects of single foods on health outcomes. In order to get new insights, nutritional epidemiologists have started increasingly to focus on dietary patterns rather than on single foods or nutrients (1) .
Two approaches, i.e., a priori (hypothesis-driven) and a posteriori (data-driven), are primarily used to derive dietary patterns. The a posteriori approach, also called exploratory analysis, is a preferred way to identify population-specific dietary patterns. Principal component analysis (PCA) is the most widely used method for such an analysis. This method is a variable-reducing procedure based on correlation or covariance matrices of the original variables, creating linear combinations (components, factors, or patterns) (2) .
Foods are consumed on single eating occasions as meals or snacks. Meals are regular, specific eating occasions in which large amounts of foods are consumed, whereas snacks comprise smaller intakes between meals (3). Cumulatively, eating occasions (meals and snacks) form the overall diet, also called the 3 Number of participants consuming the meal type ≥1 time. 4 Number of participants consuming the meal type on all (available) recalled days.
habitual diet, and therefore influence the formation of a posteriori dietary patterns (1, 4) . PCA is nonetheless frequently applied to data describing the habitual diets of individuals. By ignoring information on eating occasions, e.g., using data from food-frequency questionnaires (FFQs) as is often the case, characteristics of dietary patterns related to food intake on the level of eating occasions are lost. Such information is important as the way specific foods are consumed, e.g., simultaneously or separately during the different meals, might have an impact on health outcomes (5) . Furthermore, it is not clear which combinations of foods are the driving forces forming a PCA-derived dietary pattern and why correlations among food groups exist on the habitual level. By analyzing food consumption data from multiple 24-h dietary recalls (24hDRs), in which food intake can be studied by eating occasion, on the single-day level, and on the habitual level, we can investigate how the intake of foods is related in these different levels and how PCA-derived habitual dietary patterns relate to this structure of food intakes.
Therefore, the objectives of this study were as follows: 1) to investigate relations among the different food groups on the habitual, single-day, and main-meal levels in terms of correlations, consistency, and frequency of consumption; 2) to identify PCAderived habitual dietary patterns; and 3) to investigate the contribution of single days and different meals to the formation of these patterns. From this, we expect to obtain additional insights as to how habitual dietary patterns are formed, and how they could be influenced.
METHODS

Study sample
For this study, dietary data were obtained from a validation and calibration substudy within the European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam cohort (initial recruitment date for EPIC-Potsdam: August 1994). The validation substudy was conducted between 2010 and 2012; recruitment started in August 2010. Details of the validation substudy are available elsewhere (6) . In brief, participants aged 35-64 y at baseline from the EPIC-Potsdam cohort who were still actively participating in follow-up interviews were eligible for recruitment to the substudy. A total of 1447 invitations were sent out, drawn from a random age-and sex-stratified sample of the eligible study participants. Of these, 816 men and women finally provided data for this substudy. Ethical approval of the study was attained from the Ethics Committee of the Medical Association of the State of Brandenburg. All participants gave written informed consent.
Dietary assessment
Every participant provided three 24hDRs (mean ± SD = 2.99 ± 0.14) using EPIC-Soft (7) within a period of 4-24 mo (mean ± SD = 7 ± 1.27 mo). The first recall took place in person during the participants' first visit to the study center. The other two 24hDRs were obtained on random days including weekends over the telephone. All 24hDRs were performed by trained interviewers. Food consumption was recorded in 11 eating occasions throughout every day (see Supplemental Table 1 ) and was recorded for each food in grams per eating occasion. A total of 2431 such 24hDRs were collected.
Foods were collapsed into 39 food groups, shown in the text following, as has been done previously (see Supplemental Table  2 ) (8, 9) and averaged over the days and meals to derive the habitual and meal intakes, respectively. For studying the food intake on the meal level, we selected 4 main eating occasions (breakfast, lunch, afternoon snack, dinner), based on the participantidentified labels and peaks in contribution to the whole day's food intake (in grams). All eating occasions were included for the analysis of single days and habitual food intake.
Statistical methods
We performed correlation analyses using Spearman correlation coefficients to identify correlation arrangements on all levels of consumption. To further explore the observed relations, we calculated the intraclass correlation coefficient (ICC) for each food group as a measure of consistency of consumption over days and meals. Three participants with only one 24hDR were excluded from this analysis. The range for the ICC is from 0 (no agreement in food consumption over the days/meals) to 1 (perfect agreement in food consumption over the days/meals). We also calculated frequency of consumption in percentage of times that the foods were consumed (out of all respective eating occasions).
Dietary intake variables had a nonnormal distribution with extreme values (outliers); therefore, we used the Spearman correlation to calculate a posteriori PCA-derived dietary patterns on the habitual level. Especially in the presence of outliers, it is important to respect the assumption of normality of traditional PCA based on Pearson correlation coefficients (10, 11) . Furthermore, basing our PCA on Spearman correlations ensured comparability with the correlation analyses described above. We calculated factor loadings after a varimax rotation to obtain uncorrelated components that are more easily interpretable (12) . To obtain clearer patterns and avoid noise, we applied an often-used threshold (≥|0.3|) (13, 14) for considering factor loadings as important contributors to a pattern and for labeling these patterns according to the food groups with the highest loadings. Four factors were retained based on scree plot analysis.
We calculated individual pattern scores for each of the retained components, taking into account all food groups (including those with factor loadings <|0.3|). Similarly, we obtained individual pattern scores for the different days and meals using the respective intakes and the obtained PCA-standardized scoring coefficients. We investigated the contribution of single days and different meals to the PCA-derived habitual dietary patterns by correlating pattern scores for days and meals with pattern scores on the habitual level. All statistical analyses were performed in SAS (version 9.4, Enterprise Guide 6.1, SAS Institute Inc.).
RESULTS
Two participants were excluded: one who was too young (<35 y old at EPIC-Potsdam baseline) and one with dementia. The final study sample consisted of 814 men and women from the validation and calibration substudy within the EPICPotsdam cohort (see Supplemental Figure 1 ). Participants were between 47 and 81 y of age (mean ± SD = 65.5 ± 8.4 y of age) at the time of their first visit. All participants (n = 814) consumed ≥1 breakfast and 1 dinner. Six participants did not consume lunch and 10 participants did not consume an afternoon snack on any of the recalled days ( Table 1) . Figure 1 shows the percentage of contribution of each eating occasion to the total amount of food consumption over the day (grams per eating occasion). We observed clear peaks at breakfast, lunch, afternoon, and dinner. The highest contribution to the daily amount in grams was seen for lunch (20.5%), followed by dinner (19.0%), breakfast (18.9%), and afternoon snack (13.3%).
Correlations among food groups on the habitual and meal food consumption levels
The Spearman correlation matrix of the habitual food intake (in grams) of the 814 participants is shown as a heat map on Figure 2 . Some food groups that are commonly eaten together showed strong positive correlations, such as "bread" with "margarine," "butter," and "cheese." On the other hand, food groups that are commonly substitutes for each other were strongly negatively correlated, such as "potatoes" with "pasta and rice," as well as "tea" with "coffee."
We further correlated food intakes (in grams) within strata of meals (Supplemental Figures 2-5) . In general, we saw stronger correlations than on the habitual level. Across all meals, we observed strong positive correlations with "bread" and "cheese." Some meal-specific strong positive correlations were observed between "breakfast cereals" and "milk and dairy products" for breakfast (Supplemental Figure 2) , and between "cakes and cookies" and "coffee" for the afternoon snack (Supplemental Figure 4) . Some meal-specific strong negative correlations were observed between "margarine" and "butter," and "tea" and "coffee" for breakfast. Out of the 4 meals, dinner showed the weakest correlations among food groups (Supplemental Figure 5) , though these were similar to the correlations for habitual food intake.
Consistency and frequency of consumption
Next, we analyzed whether correlation results related to consistency or stability of intake across days or meals, and to frequency of intake. Table 2 shows the ICCs in food consumption across single days and across meals. Consistency of consumption was highest across the days and across breakfast. The highest consistency of consumption across days was seen for "margarine" (ICC = 0.62), "coffee" (ICC = 0.58), "tea" (ICC = 0.55), "water" (ICC = 0.54), and "butter" (ICC = 0.53). Across breakfast, the highest consistency was observed for "tea" (ICC = 0.69), "milk and dairy products" (ICC = 0.63), "coffee" (ICC = 0.61), "margarine" (ICC = 0.60), "butter" (ICC = 0.59), "breakfast cereals" (ICC = 0.54), "sugar and confectionery" (ICC = 0.53), and "fresh fruits" (ICC = 0.50). The other 3 meals showed very low consistency of consumption. We were able relate some of the strongest correlations between food intakes on the habitual level (Figure 2 ) to consistency across days (Table 2 ). For instance, "breakfast cereals" and "milk and dairy products" correlated positively, and both food groups showed the same and relatively high consistency (ICC = 0.45). "Margarine" and "butter," as well as "coffee" and "tea," showed a strong negative correlation and high consistency as well (ICC = 0.62, 0.53, 0.58, and 0.55, respectively). Similar links could be found on the meal level in the case of breakfast; the strong positive correlation between the intake (in grams) of "breakfast cereals" and "milk and dairy products" is reflected by the high consistency (ICC = 0.54 and 0.63, respectively), and the strong negative correlations between "margarine" and "butter" and between "tea" and "coffee" is related to high consistency (ICC = 0.60, 0.59, 0.69, and 0.61, respectively). However, other strong correlations involving "fruiting and root vegetables" and "other vegetables" did not relate to high consistency of consumption across breakfasts. Table 3 shows the food consumption frequencies as the percentage of times that the foods were consumed. On single days, frequencies of consumption were higher due to the cumulative effect of all eating occasions in a day; the most frequently consumed foods in a whole day were "bread" (98.1%), followed by "water" (92.5%) and "coffee" (92.1%). The most frequently consumed foods at breakfast were "bread" (88.6%) and "coffee" (72.8%). Lunch showed in general a low frequency of consumption, suggesting a high variability. During afternoon snacks, "coffee" and "cakes and cookies" were the most frequently consumed foods (63.3% and 51.6%, respectively). During dinners, "bread" (72.0%), "processed meat" (53.7%), and "fruiting and root vegetables" (52.6%) were consumed the most frequently.
Not all food groups with strong correlations (see Figure 2 ) were consumed frequently (see Table 3 ). Across days, only "bread" and "processed meat" correlated strongly and were also frequently consumed (98.1% and 78.5%, respectively). For breakfast, frequencies of consumption did not further relate to the correlations. At lunch, "potatoes" (in grams) were the most frequently consumed food (49.1%) and showed strong correlations with other food groups on Supplemental Figure 3 . For afternoon snacks, the strong positive correlation between "coffee" and "cakes and cookies" (Supplemental Figure 4) related to a high frequency of consumption (63.3% and 51.6%, respectively). Finally, we could relate dinner food intake correlations (Supplemental Figure 5 ) to food consumption frequency values for "bread" with "cheese" and with "processed meat" (consumed at 72.0%, 47.4%, and 53.7% of dinners, respectively).
PCA-derived habitual dietary intake patterns
Four habitual dietary patterns explaining 20.92% of the variance in food intake were retained based on the scree plot (Supplemental Figure 6 ). Table 4 shows the factor loadings for the PCA-habitual dietary patterns as well as the average habitual food intakes in grams per day for orientation.
The pattern labelled "Prudent" was characterized by high intake of "leafy vegetables," "fruiting and root vegetables," "fresh fruits," "nuts," "fish," "vegetable oils," and "wine," and by low intake of "margarine" and explained 6.13% of the total variance. The pattern labelled "Western" was characterized by high intake of "potatoes," "cabbages," "red meat," "beer," "sauces," and "condiments," and by low intake of "fresh fruits," "milk and dairy products," and "tea"; it explained 5.49% of the total variance. The pattern labelled "Traditional" was characterized by a high intake of "bread," "processed meat," "butter," "sugar and confectionery," and "cakes and cookies" and a low intake of "water." This dietary pattern explained an additional 4.74% of the total variance. Finally, the habitual dietary pattern labelled "Cereals and legumes" was characterized by a high consumption of "legumes," "pasta and rice," "other cereals," "other alcoholic beverages," and "soups" and by a low intake of "potatoes." This last pattern explained an additional 4.56% of the total variance. 1 In percentages, over a period of 3 observations. If <3 recalls were available, the total of the available observations counted as 100%; days and meals were treated as independent observations. Descriptive results.
The Spearman correlation coefficients for adherence to the 4 habitual dietary patterns (pattern scores) are shown in the upper part of Table 5 . The "Prudent" habitual dietary pattern scores correlated inversely with the "Western" and with the "Cereals and legumes" habitual dietary pattern scores (Spearman correlation = -0.65 and -0.61, respectively). The "Western" habitual dietary pattern scores correlated positively with those of the "Cereals and legumes" habitual dietary pattern (Spearman correlation = 0.61) ( Table 5 ). The "Traditional" habitual dietary pattern scores were slightly inversely correlated with those of the "Western" and the "Cereals and legumes" patterns (Spearman correlation = -0.20 and -0.16, respectively) and slightly positively correlated with the "Prudent" pattern score (Spearman correlation = 0.15).
Pattern scores for the PCA-derived patterns on the meal level showed different correlations for each meal type with the habitual level, suggesting that every meal type contributed to a different extent to the formation of the PCA-derived habitual dietary patterns. Pattern scores for the "Prudent" habitual dietary pattern correlated strongest for dinner, followed by lunch and breakfast, and afternoon snacks last (Spearman correlation = 0.60, 0.53, 0.53, and 0.34, respectively). Pattern scores for the "Western" habitual dietary pattern also correlated strongest for dinner, followed by breakfast, lunch, and afternoon snacks (Spearman correlation = 0.59, 0.51, 0.42, and 0.39, respectively). Correlations for the "Traditional" dietary pattern scores were also strongest for dinner, followed by lunch, then afternoon snacks, and breakfast last (Spearman correlation = 0.60, 0.58, 0.44, and 0.33, respectively). Finally, pattern scores for the "Cereals and legumes" habitual dietary pattern correlated strongest for lunch, followed by dinner, breakfast, and afternoon snacks (Spearman 
DISCUSSION
In this study, we investigated the relation between PCAderived dietary patterns in a German adult population, using habitual intakes with different levels of intake, i.e., daily and meal level. We observed a higher contribution of the meals to the formation of the PCA-derived habitual dietary patterns when consistency of consumption was low and the intake of foods was substantial in quantity for the respective meal. Consequently, correlation analyses of the obtained habitual dietary pattern scores across the investigated levels of food consumption suggest that dinner, followed by lunch, played an important role in the formation of these habitual dietary patterns.
The participants in our study sample showed very regular breakfast consumption habits: 97.8% ate breakfast on all available 24hDRs and 0% skipped breakfast on all days. Regular breakfast consumption has been associated with higher dietary quality (15, 16) . In line with our findings, eating patterns have been found to be more consistent in the morning and less consistent in meals that are away from home, in social situations, and containing alcohol (17) , which are more likely to happen in the evening. Furthermore, in a study analyzing the same population, breakfast was found to be associated with cardiometabolic risk factors (18) . This observed association is potentially reinforced by the consistency of this meal. Therefore, the breakfast meal might offer an opportunity for an effective long-term adherence to dietary recommendations, potentially resulting in a consistent impact in the overall habitual food consumption and health status of individuals. The strong correlations observed in meals between different food groups usually persisted in the habitual level; however, correlations between food groups in the habitual level were not representative of those seen in meals. Additionally, we could not explain some strong correlations concerning foods that are not frequently consumed. This suggests that foods might be related in a different way, e.g., concomitant consumption. Therefore, further analyses involving food networks could give us some information about a possible dependency of consumption among food groups and the extent to which this can influence the observed correlations. A recent study explored dietary networks in the German EPIC-Potsdam population to describe consumption patterns, i.e., how foods are consumed in relation to each other (19) . The major dietary networks consisted of red and processed meat, cooked vegetables, sauces, and potatoes, among other food groups. Since this population is very similar to the one used in our study, we assume the networks would show similarity with our results. Although the dietary networks constructed by Iqbal et al. (19) were based on dietary data from FFQs (and therefore nonmeal specific), these networks share some characteristics with our results, such as positive correlations between red meat and sauces, fruits and vegetables, and a negative relation between margarine and butter. Comparing these dietary networks to our PCA-derived habitual dietary patterns, a few resemblances were noticeable with all patterns.
The correlations that we observed for the dietary pattern scores on the meal level suggest that dinner food intake had a higher impact on the habitual dietary pattern formation for the patterns "Prudent," "Western," and "Traditional," but that lunch had a greater impact on the formation of the pattern "Cereals and legumes." The PCA method seeks to group food consumption in a way that explains the most possible variance. Due to the nature of this method, the observed meal-specific contribution to the PCA-derived habitual dietary patterns tended to be higher for large meals with low consistency of consumption and high interindividual variation. We chose PCA as the basis of our analysis of dietary patterns because it is the most frequently used exploratory method (20) (21) (22) . Similar analyses can be carried out analyzing other exploratory methods to derive dietary patterns such as cluster analysis, reduced rank regression, and dietary intake networks.
A limitation specific to our study is the number of 24hDRs available per person. Studies assessing the validity of three 24hDRs to estimate energy intake have reached mixed conclusions (23) (24) (25) . Especially within a homogeneous population, intraindividual variation of dietary factors can be even larger than the interindividual variation (26) (27) (28) . In our results, day-to-day variation in diet within the same individual becomes evident, underlining the importance of using repeated measurements for increased reliability. Due to the methodological limitation that FFQs do not provide meal-specific information (3), 1-wk food records or a higher number of repeated 24hDRs are examples of tools that could improve the accuracy of the estimated intraindividual variation (25, 29, 30) . Finally, a methodological challenge in our study is the nature of the data and the subsequent high proportion of zeros; dealing with meal-specific food consumption of a wide number of food groups results in many zero values, since only some food groups are consumed per person per meal. As a consequence, our data are highly positively skewed. All analyses performed in this study were appropriate for nonparametric data with the exception of the calculation of the ICC (31, 32) . However, to avoid further compromising interpretability, we chose not to transform our data. As an exploratory analysis, with the purpose of comparing values across different observations but not involving corrections or testing, this method provides a better estimate of within-person variability relative to the between-person variability of food consumption.
In conclusion, we could show that habitual patterns to some extent originate at the meal level, which could lead to a better understanding of how PCA-derived dietary patterns arise. Meal pattern analyses with the description of correlations and variance components in general might help to generate more effective dietary advice in the longer term.
